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laboratory investigations. Conversely, aortic dissection is not often
considered a cause of myocardial malperfusion; thus misdiagnosis,
which represents one of the main preoperative risks for these
patients, may frequently occur.1 This was the case for our patient,
to whom systemic thrombolytic treatment was given before a
diagnosis of acute aortic dissection was made.
The subsequent surgical treatment was strongly influenced by
this inadvertent treatment, which induced us to avoid any pros-
thetic material to replace the ascending aorta and imposed a closed
technique of anastomosis to avoid hypothermic circulatory arrest.
It should be said, however, that the limited longitudinal extension
of the dissection was well suited to the repair technique.
This procedure does not fulfill the radical criteria advocated by
some authors in the settings of acute type A dissection.6 However,
it should be underlined that the resection included the entire
dissected portion of the aorta and that the parts left in place
exhibited a completely normal aspect.
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The frozen elephant trunk technique: A new treatment for thoracic
aortic aneurysms
Matthias Karck, MD,a Ajay Chavan, MD,b Christian Hagl, MD,a Holger Friedrich, MD,a Michael Galanski, MD,b and
Axel Haverich, MD,a Hannover, Germany
Combined diseases of the aortic arch and the descendingaorta remain among the great challenges facing car-diothoracic surgeons. In 1983, Borst and associates1introduced the two-stage elephant trunk principle into
cardiovascular surgery, which has greatly facilitated surgical treat-
ment of this special pathologic entity. This approach is based on
the prosthetic replacement of the ascending aorta and aortic arch
with an elephant trunk extension of the arch graft inserted into the
descending aorta during the first-stage operation performed
through a median sternotomy. However, the graft segment forming
the elephant trunk is floating freely in the descending aortic lumen,
thus impeding thrombus formation between the graft and the
aneurysmal vessel wall. Because thrombotic occlusion of this
space is a prerequisite for reduction of wall stress of the aneurys-
mal vessel—thereby preventing subsequent growth of the aortic
diameter2—the elephant trunk prosthesis either has to be con-
nected directly to the distal descending portion of the aorta or
needs to be extended to the desired level requiring the second-
stage operation through a left thoracotomy.
It is evident that comorbidity is a relevant issue in patients with
aneurysmal diseases of the aorta, so new therapies to reduce the
surgical trauma and risk are desirable. We describe a new approach
that allows complete surgical treatment of such combined lesions
during a single operation (through a median sternotomy) by using
a prototype stent graft that can be placed into the descending aorta
in an antegrade fashion through the opened aortic arch.
Methods
Between September and November 2001, a total of 4 patients were
operated on after approval was obtained from the institutional
review board of Hannover Medical School. Informed consent was
obtained in each case.
In each case spiral computed tomographic angiography of the
thoracic aorta was performed before the operation to demonstrate
the extent of aortic pathologic process and to determine the correct
stent graft size. A custom-made, prototype Chavan-Haverich (CH)
stent graft was used for the procedure. The CH stent graft (Cura-
tive Medical Devices Gmbh, Dresden, Germany) consisted of a
Dacron polyester fabric vascular prosthesis with stainless steel
stents affixed on the inner aspect at its distal end with the help of
polypropylene sutures. All stents were fully covered with the
Dacron prosthesis. The proximal portion of the CH stent graft was
composed merely of a Dacron tube. The length of the stent graft
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was at least 5 cm greater than the estimated length of the aortic
segment to be bridged. The redundant proximal portion of the
Dacron tube was trimmed to an appropriate length and surgically
sutured to the aortic wall or to a proximal aortic vascular prosthe-
sis. The total lengths of the stent grafts varied between 200 and 286
mm. The diameter of the proximal end of the CH stent graft was
chosen to match the diameter of the proximal aorta or of the
proximal surgical graft in the aortic arch to which the CH stent
graft had to be sutured. These diameters were 36 mm in 3 cases
and 30 mm in 1 case.
The distal stents had a length of 22 mm each; a gap of 5 mm
between adjacent stents provided flexibility of the system. The
distance between the stents was maintained with the help of two
longitudinally oriented stainless steel wires. Depending on indi-
vidual patient anatomy, the number of stents varied between three
and four. To determine the diameters of the distal stents, the
diameter of the descending aorta at the site of intended distal
docking was used. The diameters of the distal stents were 36 mm
in 2 cases and 44 and 46 mm in 1 case each.
The delivery system for the CH stent graft was flexible and
could be advanced into the descending aorta over a 0.035-inch
super-stiff guide wire (Back-up Meier; Boston Scientific Corpora-
tion, Boston, Mass), and possessed a “sheath in sheath” design. It
consisted of an outer 30F sheath, an inner 25F sheath, and a central
pusher. Withdrawal of the 30F sheath while the inner sheath and
the pusher were held steady released the stented portion of the CH
stent graft. The proximal Dacron tube could then be released by
pulling back both the sheaths simultaneously while holding the
pusher steady. After deployment, the stented portion of the CH
endograft was modulated onto the aortic wall with the help of an
appropriately sized balloon catheter (Medtronic, Inc, Minneapolis,
Minn). The individual surgical procedures are described in detail
in the clinical summaries.
Clinical Summaries
PATIENT 1. Patient 1 was a 71-year-old woman with an aneurysm of
the descending aorta (maximum diameter 6 cm) starting at the
origin of the left subclavian artery, combined with coronary artery
disease. She underwent open antegrade stent graft implantation
into the descending aorta and double coronary artery bypass graft-
ing. After median sternotomy, extracorporeal circulation (ECC)
was established after cannulation of the ascending aorta and the
right atrium. During core cooling to 20°C, double coronary artery
bypass grafting was performed. After the target core temperature
was reached, ECC was discontinued and selective antegrade cold
blood brain perfusion was initiated. Then the stent graft was
delivered through the opened aortic arch, and its distal end was
anchored at the level of the 10th thoracic vertebra under radio-
graphic control. The proximal, nonstented Dacron graft segment
was sutured circumferentially directly distal to the origin of the left
subclavian artery; the aortotomy was then closed, and the opera-
tion was continued in the usual fashion.
PATIENT 2. Patient 2 was a 50-year-old man with chronic type A
aortic dissection. He had critical aortic dilatation proximal to a
previously implanted ascending aortic prosthesis as well as the
aortic arch and the proximal descending aorta. After resternotomy,
ECC was established after cannulation of the aortic arch and the
right atrium. After the target temperature of 24°C was reached,
ECC was discontinued. After administration of cold blood cardio-
plegia, opening of the aortic arch to the level of the left subclavian
artery, and institution of selective antegrade cold blood brain
perfusion, the stent graft was delivered into the true lumen to the
level of the 9th vertebra under radiographic control. The proximal
nonstented part of the prosthesis was sutured directly into the
aortic orifice distal to the left subclavian artery. Then a second
precoated graft was implanted to replace the aortic arch and the
previously implanted ascending aortic prosthesis.
PATIENTS 3 AND 4. Patients 3 (Figure 1) and 4 were 63- and
65-year-old women with aneurysms of the ascending aorta, the
aortic arch, and the proximal descending aorta. In addition, patient
3 had single-vessel coronary artery disease. ECC was established
by cannulation of the aortic arch and the right atrium. After core
cooling to 26°C, ECC was discontinued. After administration of
blood cardioplegia, opening of the arch to the level of the left
subclavian artery, and institution of selective antegrade cold blood
brain perfusion, the stent graft was delivered into the descending
aorta down to level of the 8th thoracic vertebra under radiographic
control, with the proximal, nonstented part of the prosthesis sub-
sequently sutured inside the aorta directly distal to the left subcla-
vian artery. Then a second precoated nonstented vascular graft was
implanted to replace both the aortic arch and ascending aorta. After
cannulation of the prosthesis and reconstitution of ECC, a single
venous graft to the left anterior descending coronary artery was
implanted in patient 3.
Results
There were no intraoperative or postoperative deaths. Mean car-
diopulmonary bypass time was 234  58 minutes, aortic cross-
clamp time was 130  41 minutes, circulatory arrest time was 87
 39 minutes, and time of selective antegrade brain perfusion
during circulatory arrest was 69  43 minutes. Patients 1, 2, and
4 were weaned from the respirator within 48 hours after the
operation. Their further courses were uneventful, with no neuro-
logic complications. Patient 3 had a temporary postoperative neu-
rologic dysfunction, as indicated by prolonged intubation followed
by moderate confusion and agitation. Two postoperative cerebral
computed tomographic scans yielded negative results, and clinical
symptoms had resolved completely by discharge on postoperative
day 29.
In the 3 patients with aneurysms of the descending aorta, the
follow-up computed tomographic scans revealed complete exclu-
sion of the aneurysms. In the patient with the aortic dissection,
initiation of thrombus formation in the false lumen in the cranial
sections of the descending aorta was noted at 3 months of follow-
up. Below the level of the stents, however, persistent perfusion of
the false lumen was noted. The diameter of the descending aorta
did not increase at the end of follow-up (2-5 months).
Discussion
Thoracic aortic aneurysms are still a challenge for the surgeon,
particularly when critical dilatation of the ascending aorta and arch
extends beyond the level of the left subclavian artery. Treatment
either requires a two-stage approach with the elephant trunk prin-
ciple or an extensive and traumatic single-stage procedure, gener-
ally performed through a clamshell incision.3-5
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Here we have described our early experience with a new
approach that allows definitive treatment of such combined lesions
during a single-stage procedure that includes antegrade placement
of a stented graft into the descending aorta through the opened
aortic arch during hypothermic circulatory arrest. This procedure
can be performed through a conventional median sternotomy and
combines the concepts of the elephant trunk principle and endo-
vascular stenting of descending aortic aneurysms.1,6 Its advantage
lies in the fact that the stented graft, unlike a conventional elephant
trunk prosthesis, can be securely anchored at the desired level
distal to the descending aortic aneurysm, thereby allowing throm-
bus formation within the space between the graft and the wall of
the aneurysm. The inventor of the elephant trunk technique, Hans
G. Borst, has named this approach the “frozen elephant trunk”
(unpublished data). The proximal, nonstented portion of the graft
is sutured circumferentially into the aorta directly distal to the left
subclavian artery with a similar technique to that suggested by
Palma for treatment of acute type B aortic dissection.7 Orihashi
and colleagues8 have also used this approach, under debatable
circumstances, however, considering the relatively small and cir-
cumscribed aneurysms being excluded. Unlike in their study, most
of our patients had to undergo simultaneous replacement of the
aneurysmal upstream aorta by implantation of a second vascular
prosthesis. This procedure allows single-stage treatment of exten-
sive thoracic aneurysms that otherwise would require either a
two-stage procedure or a much more complex single-stage oper-
ation.
Except for a fully reversible temporary neurologic dysfunction
in patient 3, there was no postoperative morbidity that could be
attributed to the fact that stent graft placement currently requires
an additional 20 minutes of circulatory arrest. However, we be-
lieve that antegrade selective cold blood brain perfusion9 is an
essential tool to protect the brain from ischemic neuronal cell
damage.10,11
Figure 1. Axial computed tomographic sections of patient 3 with aneurysms of ascending aorta (a) as well as of
proximal descending aorta commencing at origin of left subclavian artery (b). After open surgical replacement of
ascending aorta (c) and placement of CH stent graft in aortic arch and descending aorta (c), note that aneurysm
of descending aorta has thrombosed completely around CH graft (d).
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Encouraged by the favorable results of this limited series, we
evaluate all patients with thoracic aortic aneurysms extending
proximal and distal of the left subclavian artery for this new
treatment modality, the frozen elephant trunk technique.
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Mitral valve–sparing operation in subaortic stenosis caused by
anomalous papillary muscle and discrete subaortic stenosis
Jen-Ping Chang, MD, Hung-I Lu, MD, Chiung-Lun Kao, MD, and Teng-Hung Yu, MD, Taiwan, Republic of China
Left ventricular outflow tract (LVOT) obstruction causedby subaortic stenosis covers a wide range of anatomiclesions. Most cases in children were caused by thediscrete subaortic stenosis (DSAS).1 In adult patients
LVOT obstruction caused by anomalous insertion of papillary
muscle into the base of the anterior mitral leaflet in hypertrophic
cardiomyopathy has been reported.2,3 Isolated LVOT obstruction
caused by an anomalous papillary muscle (APM) has been recog-
nized also.4,5 The procedures, including entire resection of the
APM and mitral valve replacement, have been thought necessary
for the successful correction. Report of LVOT obstruction caused
by the combination of DSAS and APM is rare.6 We report on such
a patient who was treated with extensive resection of the APM,
resection of the DSAS, and careful mobilization of the anterior
mitral leaflet, resulting in successful relief of the obstruction with-
out mitral valve replacement.
Clinical Summary
A 48-year-old woman presented with progressive shortness of
breath on exertion and chest tightness over a period of 3 years.
Holter monitoring showed sinus rhythm. A 12-lead electrocardio-
gram revealed voltage criteria for left ventricular hypertrophy with
strain pattern. On auscultation, a grade 4/6 harsh systolic murmur
maximal at the right upper sternal border was audible. Transtho-
racic echocardiography showed that the LVOT was obstructed by
the membranous DSAS and an anomalous insertion of a papillary
muscle to the anterior mitral leaflet with a peak instantaneous
gradient of 90 mm Hg (Figure 1). The aortic valve had 3 cusps and
was normal in size and appearance. The ventricular septum and the
left ventricular posterior wall were mildly thickened. Neither sys-
tolic anterior motion nor localized hypertrophy of the ventricular
septum was noted. Coronary angiographic results were normal.
The operation was performed through a lower half ministerno-
tomy with standard cardiopulmonary bypass and cold oxygenated
crystalloid cardioplegic arrest. On inspection through the oblique
aortotomy, the aortic valve was found to be mildly sclerotic and
competent. The LVOT was explored, and a papillary muscle 12
mm in diameter was found extending from the anterior mitral
leaflet to the apicoseptal portion of the left ventricle without any
chordal interposition. A membranous DSAS 6 mm in width was
found just below the left coronary cusp as well (Figure 2). The
APM and the DSAS were resected. Then an extensive myectomy
trough was carried within the left ventricular midcavity. Finally,
the anterior mitral leaflet was fully mobilized, with careful shaving
off of the residual papillary muscle and the secondary chords,
which were attached over the ventricular surface of the leaflet
(Figure 3). Cardiopulmonary bypass was discontinued unevent-
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